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PREFACE

This report was prepared by T_F. Jenkins. Research Chemist. First Lientenant
W.F. O'Reilly, Chemist, and D.C. Leggett, Chemist, under the supervision of Dr. R.P.
Murrmaon, Earth Sciences Branch, Research Division. U.S. Army Cold Regicns Research
ang Engineering Laboratory {USA CRREL) in association with C.1. Collins, Research
Chemist, of the Mine Detection Division, U.S. Army Mobility Equipment Research and
Development Center {USA MERDC). The work was supported by USA MERDC under
DA Project 1G672712AJ22. The report was technically reviewed by James Cragin,

USA CRREL, and R.A. Konyneburg, USA MERDC.

The contents of this repost sre not to be used for advertising, publication, or pro-
motional purposes. Citatiou of trade names does not constitute ax official endorsement
or approval of the use of such commercial products.
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ANALYSIS OF VAPORS EMITTED FROM MILITARY MINES
by

T.F. Jeskins, W.F. O'Reiily, R.P. Murrmann,
D.C. Leggett and C.1. Collins

INTRODUCTION

The concept of using trace gas detection to locate military explosives and emplaced mines has
been under investigation for several years,* 21 °* " 1 ¥* The ysefulness of this spproach depends
on the ability to detect signature vapors clese to their source. Many investigatiops 1b the past
have sought detailed characterization of the compesition: of solid explosive materials. Although this
information is potentially useful, it is not practical to predict the composition of the vaper arising
from the solid strictly from this type ot duca alone. Volatiie impurities which are present at low
levels in the solid explasive may contribute siguificantly to the composition of the vapor. Since it
is the vapor whica is potentially useful for detection, information concerning the composition of this
effluent is important.

In an earlier study.'? cyclohexanone was iden:ified as a major constituent of the vapor evoived
from the solid military explosive composition B. Cyclohexzanone is not a component of the explosive
itself but iz rather a solvent used in the recrystallization of cyclonite (cyclotrimethylene-trinitra-
mine). a majoc component of composition B.* The purgose of this study was to determine whether
cyclohexanope, as weil as other components of the explosive and mine hardware, could be detected
in the vapor evolving from intact mines filled with military eaplosives.

MATERIALS AND METHODS

Sample collection procedwe

Four representativ-: types of military mines were selected for study. This vroup included
metallic and noametallic antitank and antipersonnei mines, The chosen group also represented i
variety of military explosives including compesitien B, tetryl, and TNT. Three mines, of each type,
wi:kout fuses, were placed individually in 27 x 27-in. (68.6 » 68.6-cm) pulyethylene glove bags
(Table Iy. The cpening 1o cach bag was folded and sealed with tape. £ Yein. (0.63-cm) Swagelok
connector was provided for sample temoval. The bags were flushed foe about tep minutes and then
nflated with 30 hiters of zero grade air.s For reference purposes, two empty bags {510 mines) and
bags containing oue inert mine of each type were also prepared. The plastic bags were stored at
;oo tempsrature in covered Nalpene containers (Fig. 1-3) in an esplosive staage magazine at
MERDC.

* Zoto grade amt contains less than 2 ppm of towal hydrocarbon impurities.
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Figure 1. M15 metaBlic antitank mine prepared for sample coilection.
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Figure 3. M14 nonmetallic antipersonnel mine prepared for sample collection.
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4 ANALYSl> OF VAPORS EMITTED FROM MILITARY MINES

Tadle I. Descriptior of mines.

Mine Types Explosive Lot no. Date loaded
13 AT, M Comp B LOP-14.14 1953
315 AT. M Comp B 1.OP-14-80 1953
M5 AT, M Coup B RVA 16-1 1953
Mig AT, NM Comp B LOD-500-1 1967
M19 AT, NM Comp B L.OD-500-1 1967
%19 AT. NM Comp B LOD-500-1 1967
M1¢ AP, M Tetryl (102) LOP-i5-56 1853
M14 AP, NM Tetryl (102) LOP-15-56 1953
Mi4 AP, HM Tetryl (162) LOP-15-56 1953
M16 AP. M TNT PA 27-4. 1954
Mis AP, M TNT PA 27.4 1954
Mi6 AP M TNT PA 27-4 1954
Mi9 AT (inert), NM None PASR-20-57 1958
Mi4 AP {inert), NM None 3A-2.64 1964
M15 A~ (inert), M None Unknown Unknown
M16 AP (mert), M None Unknown Uuknown

* M= metallic
NM = nonmetallic
AP - antipersopnel
AT = antutank

One month later, a complete set of preliminary samples was collected by drawing 30 liters of
air from each bag throuzh specially coustructed Chromosorb 102 coliection tubes® * (Fig. 5) at 2
liters/min with a portable vacuum pump. The collection tubes were then sealed and returned to the
laboratory at CRREL for analysis. The bags were reinflated with zcro grade ais to allow further
sampling at 2 later date.

The collection tubes (Fig. 5) were constructed in the following manner. Four inches (10.2 cm)
of %-in. (1.9-cm) OD stainless steel tubiug was packed with 5 g of 60-80 mesh Chromosorb 102.
The packing waus held in place by two 100-120 mesh stainless steel screens, one of which was
spring toxded to reduce the possibility of channeling. The e.ds of the tubes were reduced to -in.
3.2 mm; OD by end caps which had been heliare welded in place. The '4-in. OD tubing was
equipped with Swagelok tube fittings at boch ends, providing a seal tv prevent contamination. The
collection tubes were prepared prior to sampling by ouking for four days at 2006°C while purging with
zero grade nitrogen at 4 flow of 50 ml/min. The bakeout was thenr continued for an additional two
days at 100°C with a molecvlar sieve trap cooled with liquid nitrogen installed in the purge gas
line. The tubes were capped with Swagelok plugs except during periods of sampling and analysiz.

The results from the preliminary analyses indicated possible contaminaticn of the samples with
impurities in the zero grade air used to inflate the bags. To correct for this, the bags were evacu-
ated, flushed and refilled with 30 liters of zero grade air which was pwrified using a %-in. Chromo-
sorb 104 trap cooled with dry ice. After another {owr-month period, a final complete set of samples
was collected for analysis by exhausting the ajr from the bags through Chromoscrd 102 collection
tubes at a rate of 2 liters/min.
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Figure 5. Chromosorb 102 collection tube used to concentrate varors from mines.

Analytical procedwe

In the laboratory the sample collection tubes were attached to the iijection port of either a
Perkin-Elmer 270 gas chromatograph/mass spectrometer (GC,MS) or to a Perkin-EBimar 900 gas
chromatograph (GC). The injection ports of both instruments were modified as shown in Figure 6
to allow for direct transfer of the samples from the collection tubes. A block diagram of the GC/MS
analytical system is shown m Figure 7. Regardless of the analytical instrument used, the tubes
were first flushed in the direction of sample collection with zero grade helium’ (30 mi/min for 30
minutes at 23°C) which removes air, carbon dioxide, water, and most of the low molecular weight
hydrocarbons up to n-butane (Fig. 6a)., The unattached end of the collection tube was then con-
nected with Teflon tubing to a two-way valve on the helium supply. With the valve configured for
helium flow to bypass the collection tube direct to the GC column, the GC column was precondi-
tioned at 150°C for 15 minutes. The GC oven was then cooled to ~75°C, and the two-way valve
positioned to cause helium to flow (59 mi/min) through the collector tube befcee entering the GC
column (Fig. 6b). The collection tube was subsequently heated to 120°C for one hour during which
time trappe¢ components were backilnshed from the collection tube and concentrated on the head of
the GC column. (Pravious studies hve indicated a transfer efficiency of greater than 80% under
these conditions for compounds up 19 .nd including cyclohexanone,) After the 1-hour transfer
period, the two-way valve was reposition.? so that helium again flowed directly throuph the GC
columa (Fig. 6c). The flow rate was reduced to 25 ml/min. The analytical procedv:e depended on
wie type of GC coluom used, eitaer a 9-ft (2.75-m) Durapak coiumn (Carbowax 409 chemically bond-
ed to Porasil C) or a 3-ft (0.92-m) DC-200 coluug (1.5% DC-200 on Anakrcm ABS). For the sample

-
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Gas
Chromatograph
Two-way f
Voive '
Flow Open Closed
Metar
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— — Coliection
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Figure 6. Modificaticn of gas chromaiograph injection port for use with collection tube.
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Figure 7. Block diagram of GC/MS analytical system.

analyses on Durapak, the GC oven was programmed from -75°C to 150°C at 16°/min. Using the
DC-200 column, the temperature was programmed from - 75°C 10 200°C at 20°/min. Effluent from
the column on the GC/MS was split 70% to the mass spectrometer and 30% to a flame ionization
detector. The flame ionization detector was used to quartify effluent peaks and to indicate the
correct time for scans to be taken with the mass spectrometer. The mass spectra ottained were
used in conjunction with GC retention times as a means of identifying those pezks appearing on the
flame ionization chromatogram. A PDP-12 laboratory computer was used for on-line acquisition,
processing and storage of mass spectral data.

The few samples ru: on the Perkin-Elmer %00 gas chromatograph were analyzed using an elec-
troit capture detector.

RESULTS AND DISCUSSION

During the preliminary chromatographic analyses, even the sampies obtained from the empty
polyethylene bags showed several lazge peaks. Thus, it appeared that the zero grade air used
initially to {ill the bags contamed too high a level of organic contaminants to be used dizectly for
this type of work. To examine this possibility. a 30-liter sample was taken directly from the sero
grade air cylinder using one of the collection tubes. The chromatogram of this sample (Fig. 8b)
was obtained using a flane jonization detector. The numbers associated with the various peaks
refe: to the compounds listed in Table 11, which were identified from mass spectra. The results
from this sample showed that zero grade air would require further purification. In ceder to alleviate
this problem, the bags were evacuated. flushed, and refilled with zero grade air that had beea
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s will }74
-—________‘J}JY MM\I\_______ b,

Figure 8, Chromatograms of zero air taken with (a) and without (b)
pretrapping. Numbers refer to compounds listed in Table 11,

Table II. Compounds iéentified with the smss spectrometor
for the ~lwomatograms siown in Figues 8-14.

1. COS 19. Trichloroethylene
2, Propan2 1 20. Acetone

C3 Hydrocarbons
S. Propane J 21. Butansl
4. isobutane 22. Heptane
5. N-Butace 23. Toluene

C4 Hydrocarbons
8. Butene 24. Nethylethylketone
7. Butadiene J 25, Ethylbenzeae
8. lsopentane 3 20, Methylizopronylietone
9. N-Pentane 22, Xyiene

7> Cs Hydrocarhon®
10. Pentene 28. Styrens
11. Pentadiene 25, Hexanone
12, Acetaldehyde 30. Cg Aromatic
13. IsGhexane 31. C33-14 Hydrocarbon
14. N-Hexane } Cg Hydrocarbons 32. Unknowa (207 + pesk)
15. Hexene 33. Benzaldehyde
15. Propanal 33. Ethylatyrene
17. Benzane 35. Cyclchexanone
18. Methylcnloride 6. Water
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previously trapped with a Chromosotb 104 trap maintained at dry ice tewperatve. Figure 8a shows
a chromatogram obtained for a 30-liter sample of trapped zeto grade air following this procedure.
Clearly, the level of background contamination was considerably reduced.

Even with this significant improvement in procedure, the chromatograms obtained for the final
sampling period were difficult to interpret. Figuras 9-14 are representative chromatograms.obtained
using the flame ionization detevtor on the GC/MS for the various classes of sampies. It is evident
that all of the samples including the empty bag (Fig. 9 contained a large number of compounds.
Significant concentrations of C4, Cs, higher molecular weight hyJrocarbons, several arowatics in-
cluding benzene, toluene, xylene. styrene, and ethylstyrene, several oxyzenated compounds such
as acetaldehyde, acetone, methylethylketone, ané benzaldehyde. and several hriogenated compounds
such as trichloroethylene show up as a relatively constant background w 21i iypes of samples. Some
of these compounds could have resulted from incomplete removal of adsutbed contuminants present

3
i
o
3
-2

' in the zero grade air used to fill the bags. Other compounds may have ociginated from the poly-

; ethylene bags themselves. Several of these compounds including acstaldehyde, xylene, styrene,

& ethylstyrene, and benzaldehyde have been found 2 be decomposition products of the Chromosoch 102
A used in the construction of the air sampling tubes. Twen with this substantial number of backgrovnd
, chemicais, individual differences among the various types of samples from intact mwines and mine

3 casinge were, observed. The differences discussed below are those that have wzen found to be con-
= sister? am.ng replicates of a given class of mines as wel. as jor bath (he preliminary and final sets
'E of samples.

\l The most significant result of this study war, the detection of cyclohexanone in the bags eon-

taining the M15 (metallic) and M19 (nonmetallic) antitank mines. These were the only types of mines

studicd that were charged witl composition B. !n an earlict invesiigation® cyclohexaunone was
shown to be a significant constituent in the vapor evelving from composition B. Cyclobexanone was ?

-f not detected in the vapor from any other type of mine nor in the vapor from inest mine casings ot in

E the empty bags. Thus, vapors from t':e explosives are detectable catside of intact inines. Cyclo-
"-~ ) hexanone was found in consistent)y higher concentrations in the bags contsining the Mi5 {fsetallic)
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mines than ip those containiug the M19 (nonmetallic) mines. The concentrations found were about
80 ppd (by volume) iu the vags containing the M15 wines 2nd 5 ppb in those containing the 319
mines Examples of the chromatograms obtained for vapors from these mines are shown in Figure 10.
Peak 35 in all cases represents the response of the detector to the cyclohexanone found in the sam-
ple.

Although anetone was found in all of the samples, substantially larger amonnts were cousis-
tently observed in the bigs containing the M19 mines and M19 casings (Fig. 10, 12). Acetone is.
therefore, probably evolving from ths materials used in copstruction of M19 conmetallic casings.
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Figure 11. Chromatograms of samples takeit from bags containing M14 (a) and
H16 (b} antipersoanel mines.

Toluene, although also present in the background, was feund at larger concentratious in the
V19, 219 casing, Mi4, and M16 samples (Fig. 10-12). The origin of this compound is unknown, -

Rolatively large concentrations of one unidestified conpound appeared in the sampled from the
tegs containing the M19 sand ¥i8 casings. We were unable ro identify this component although it
gave a large mass spectral peak at m/e = 207. Several lager molecular weight jons also seemed
to be associated with this compound although its exact mass spectrum couid not be determined dve
1o interfatences from other sample components. This specics appears to be a stlicon-containing
compound which is associased with the roumetallic casing used in the construction of the M13
mine.

Several samples wete analyzed using an electron capture detector. Becsuse of the limited
number of sampies available, only those from M14 and M16 mines were included. Due to the
extreme sensitivity of this detector {0 electronegative compounds. the resultant cheomatograms con-
teined a large number of peaks, most of which were not jdentified. "n the case of sanples from the
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Figute 12. Chromatograms of samples iaken from bags containing Mi8 (a) and
M15 (b) {inert) mines.

M16 mire, hewever, a peak was observed at a retention time exactly coeresponding to thai of 2, 4,
© trinitrotoluene. Although this peak was easily detectable using the eiectron capiute detector,
which has a detectior limit of about 10" g for 2, 4. 6 TNT. the level was far below that needed
for positive mass spectral identification. This compound did not appear in the sample from the
empty bag or in the M14 sample; therefore, it ic believed to be associated with the M16 mine.
Since the explosive used in the M16 is TNT, it is expected that this compound would be present
in the emitted vapor. Although positive identification is clearly lacking, it is our feeling that
this peak indeed is 2, 4, & trimitrotoluene. It is unfortunate that additionsl sanples from the two
types of mines containing composition B were not collected for 2nalysis with the electron capture
detector. One of the major components of composition B is TNT and, hence. there is also a
possibility of Gatecting' TNT in the. vapors from these mines.
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Figure 13. Chromatogram obtained for sample from bag
containing M16 ({inert) mine.
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Figure 14. Chtimasogram obtained for sample from bag
containing M14 (inert) mins.
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